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T here has been increasing attention to young women with acute myocardial infarction (AMI), as evidenced by 2 large international prospective studies 1, 2 and several other published studies. In addition, recent national campaigns and evidence-based guidelines have focused on young women with AMI. 3, 4 These investigations and efforts have significantly advanced our understanding of AMI in this population, yet important questions remain.
Young women with AMI have distinct features that are inherently unique from other populations. [4] [5] [6] For example, young women may develop coronary artery disease via different pathophysiologic mechanisms than men or older adults. They are more likely to experience disease of the coronary microvasculature, 7, 8 spontaneous coronary artery dissection, [9] [10] [11] or plaque erosion rather than plaque rupture. 12, 13 Furthermore, young women have worse outcomes than age-matched men and older women, including higher in-hospital mortality, [14] [15] [16] [17] [18] as well as short- 19, 20 and long-term mortality after AMI. 19, 21 These differences in outcomes are increasingly being described in populations throughout the world. 17, [22] [23] [24] [25] [26] [27] Moreover, although there has been an overall reduction in cardiovascular disease prevalence and AMI deaths in the general population, rates of AMI in young women have increased. 20, 28 As such, there is a need to advance more effective awareness and treatment strategies specific to this population, as well as a comprehensive approach to improving outcomes for young women with AMI.
In this Cardiovascular Perspective article, we describe contemporary studies that address the differences in the diagnosis and management of AMI in young women (when compared with men) across the continuum of care, including pre-AMI, in-hospital AMI care, and post-AMI settings ( Figure 1 ). We also focus on sex/gender bias and the biological, social, and contextual factors that contribute to poor outcomes. Finally, we highlight gaps in knowledge and outcomes that can inform the next generation of research-including potential mediators of sex differences in outcomes.
Epidemiology
In recent years, there has been an overall decrease in cardiovascular disease prevalence and AMI mortality in the general population, most likely because of the improved awareness and the application of evidence-based therapies for coronary disease. 29 However, rates of AMI in young women have increased. 20, 28 Two recent population-based studies on trends in AMI hospitalization and early mortality post-AMI have revealed important findings. Using data from the National Inpatient Sample of US hospital discharges, Gupta et al 28 examined temporal trends of hospitalization rates and inhospital mortality by sex among young patients with AMI. They showed that from 2001 to 2010, there was either no change or a small absolute increase in hospitalization rates for young women with AMI. Although they observed declining in-hospital mortality rates for young women, in all time periods, these rates were consistently higher than for similar aged men with AMI. 28 A similar study conducted by Izadnegahdar et al 20 examined sex differences in temporal trends of AMI hospitalization rates and 30-day mortality in a Canadian setting. Results indicated that age-standardized AMI rates declined similarly in both women and men from 2000 to 2009. However, trends differed according to age, wherein young women aged <55 years had an increase in incidence. Although 30-day mortality rates decreased similarly for both sexes, young women had higher rates of death than young men in all years. 20 Contemporary studies also indicate that young women (<65 years of age) are more likely to be readmitted to the hospital after AMI than men. 30 More specifically, young women have nearly a 2-fold higher risk of 30-day readmission after AMI. 30 Even after sequential adjustment for a range of potentially explanatory variables between sexes, young women still have a higher risk of readmission than similarly aged men. In summary, most studies suggest that young women have persistently higher rates of mortality and rehospitalization from AMI.
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AMI in Young Women
Two contemporary prospective studies have, in particular, informed our recent understanding of outcomes and predictors of outcomes, among young women with AMI. The VIRGO (Variation in Recovery: Role of Gender on Outcomes of Young Acute Myocardial Infarction Patients) study was initiated in August 2008, with enrollment completed by January 2012.
1 VIRGO was a prospective study to investigate key demographic, clinical, psychosocial, biological, behavioral, and environmental determinants of the prognosis of young women and men with AMI and to identify potential targets for interventions to improve their outcomes and clinical course. The study enrolled 3572 patients aged 18 to 55 years with AMI from 103 sites across the United States, 24 sites in Spain, and 3 sites in Australia and used a 2:1 female:male enrollment ratio to enrich the study's inclusion of young women. The VIRGO methodology and design have been previously described. 1 The study sought to explore a broad range of outcomes, including mortality, all-cause readmission, and adverse health status (including psychosocial sequela of illness).
The GENESIS-PRAXY (Gender and Sex Determinants of Cardiovascular Disease: From Bench to Beyond-Premature Acute Coronary Syndrome) 2 study was developed in January 2009, with enrollment completed in April 2013. This study enrolled 1576 patients with acute coronary syndrome aged 18 to 55 years from 24 centers across Canada, 1 center in the United States, and 1 center in Switzerland. The study's design and methods have previously been described. 2 GENESIS-PRAXY aimed to identify and quantify the behavioral, environmental, and biological factors in premature AMI, highlighting differences observed between men and women. The main focus of this study was healthcare utilization, access to care, presentation (both clinically and anatomically on angiogram), post-AMI prognosis, and interactions between sex/gender with genetic determinants of premature AMI.
Pre-AMI Factors
On presentation for AMI, young women have higher rates of traditional cardiovascular risk factors such as diabetes mellitus and obesity and are more likely to have prior cardiovascular disease, including congestive heart failure, peripheral artery disease, and stroke. 17, 19, 28, [32] [33] [34] [35] [36] Despite this, young women are significantly less likely than men to report having a clinician discuss heart disease or risk factor modification before their AMI. 32, 37 In addition to cardiovascular risk factors and disease, young women also have a higher prevalence of comorbidities, including chronic obstructive pulmonary disease, renal failure, autoimmune disorders, cancer, and psychiatric disorders. [32] [33] [34] Moreover, nearly a third of young women with premature AMI have a history of hypertensive disorder of pregnancy on initial presentation 38 in contrast to population-level estimates of 2% to 8% of all pregnancies. 38 Social factors previously associated with adverse outcomes are also more prevalent among young women, including being unmarried and unemployed, and financial stress, in comparison to men. 32, 33, 39, 40 On healthcare access, although fewer young women with AMI (compared with men with AMI) are uninsured, they are more likely to report financial barriers to medication and healthcare services and are more likely to have government insurance (eg, Medicare and Medicaid) when compared with private insurance. 39, 41 Compared with men, women also are more likely than men to have a primary care provider and as likely as men to have a specialist involved in their care. 32 Preclinical health status also varies between young women and men. In young women, the most common prodromal symptom leading up to the AMI is fatigue. 42 In addition, in the month before presentation of AMI, young women have a poorer health status and worse psychosocial status than men. Specifically, women report worse physical/mental functioning, more angina, worse physical limitations, and a poorer quality of life before their AMI. 32, 33 Moreover, they report both a higher rate of lifetime history of depression and depressive symptoms and poorer social supports, more anxiety, and greater perceived stress at the time of an AMI. 19, 32, 34, 41, [43] [44] [45] 
AMI Presentation
Chest pain is the most common presenting complaint for AMI in young women and men; however, young women are more likely to have atypical symptoms. 16, 32, 46 Potentially because women do not recognize these symptoms as being signs of AMI, young women are more likely than men to delay seeking care, frequently presenting after 6 hours of symptom onset. 32, 41, 46 Disease presentation is also different between the sexes; for example, young women tend to have smaller infarcts as evidenced by lower levels of cardiac biomarkers and are less likely to have ST-segment-elevation myocardial infarction. 32, 44 In a study classifying phenotypes of AMI in the VIRGO cohort, 47 1 in 8 women did not meet criteria for either type 1 (plaque erosion/rupture) or type 2 (myocardial oxygen supply-demand mismatch) AMI, according to the Universal Definition of myocardial infarction (MI). Moreover, spontaneous coronary artery dissection, vasospasm, and coronary embolism accounted for only 1.5% of AMI in young women. Instead, the authors found that the mechanism of AMI was not known in 10% of women and therefore proposed a new taxonomy that would allow for the identification and grouping of patients previously not captured by the current classification system; the VIRGO taxonomy is intended to inform future scientific investigations and clinical management aimed at improving outcomes for patients. 47 
In-Hospital AMI Care and Outcomes
Compared with men, young women with AMI experience delays in reperfusion and are less likely to receive percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG), as well as aspirin, statins, and β-blockers on presentation to hospital. 17, 34, 40, 46, 48 More specifically, data from VIRGO and the GENESIS-PRAXY studies have demonstrated that young women with ST-segment-elevation myocardial infarction are less likely than men of similar age to receive reperfusion therapy and are more likely to have reperfusion delays. 40, 46 Of particular importance, women are more likely to exceed in-hospital and transfer time guidelines for PCI than men, and these differences persist after the adjustment for important confounders. 46 Women are also less likely than men to receive timely electrocardiography or fibrinolytic therapy. 46 Clinical predictors of delayed diagnostic and therapeutic interventions include the absence of chest pain, increased number of risk factors, anxiety, housework, and feminine traits of personality (according to the Bem SexRole Inventory [BSRI]-including being softly spoken and gentle). 40 In addition to in-hospital delays, young women experience a higher rate of bleeding after excess dosing of anticoagulant agents-a common practice among all young adults undergoing PCI. 49 The delay in reperfusion and suboptimal acute therapies warrants community and professional education. Furthermore, excess bleeding in women post-AMI represents an important opportunity to build awareness and implement strategies to reduce complications.
Post-AMI Care
Significant differences also exist in outpatient care for young women with AMI-particularly on secondary prevention. Several contemporary studies have demonstrated both sex and age disparities in guideline concordant medication treatment and adherence post-AMI.
18,50-52 More specifically, women are less likely to be on optimal pharmaceutical therapy across all ages; however, the greatest disparity has been observed for young women aged under 55 years. 52 Data from the VIRGO study demonstrate that women are also less likely to be referred for cardiac rehabilitation in the first month after AMI; also, among those referred, fewer women attend cardiac rehab, reporting financial barriers as a reason for nonparticipation. 39 Although there are similar rates of health insurance in young women and men, women report more financial barriers to medications and healthcare services, in general. 36 Women report being less physically active in the first month after AMI and are less likely to meet American Heart Association physical activity recommendations when compared with men. 36, 53 In addition, young women are less likely to be taking statins at discharge, and among those on statins, women are also less likely to be treated with a high intensity dose at 1-month post-AMI, compared with men. 36 Beyond immediate management and medications, women are less likely to be counseled by physicians about lifestyle choices. For example, although resuming sexual activity is an important aspect of recovery, young women are less likely than men to receive counseling in the first month after discharge for AMI, 54 even though they report being more sexually active than men in the year before their event.
Long-Term Health Outcomes
Several studies have contributed to our understanding of health outcomes ≤1 year after AMI. Data from the VIRGO and GENESIS-PRAXY studies demonstrate no sex differences in mortality and major adverse cardiac events (including acute coronary syndrome [ACS] PCI, or CABG), which is in contrast to earlier studies. 14, 15, 21 The low numbers of events at 1-year post-AMI (ie, between 1% and 3% for mortality; 8% and 9% for major adverse cardiac events) may be a limitation of recruitment inherent to observational registries with in-depth survey follow-up. 31, 48 Work by Pelletier et al 55 suggested that feminine personality traits that are traditionally attributed to women (eg, being shy and sensitive to needs of others) and social roles (eg, housework responsibility) increase the risk of recurrent ACS over the period of 1 year after discharge. On other clinical end points such as hospital readmission, contemporary data indicate that the risk of rehospitalization in women extends beyond the 30-day time period ≤1 year after AMI. 30, 56 Last, building on data in the outpatient setting, young women also report more impaired sexual activity and incident sexual function problems than men in the year after discharge for AMI. 57 Recovery, as measured by health status trajectories, is similar for men and women; however, women have significantly poorer scores than men on all health status domains at baseline and throughout the 12-month period after AMI. For example, young women experience poorer mental/physical functioning, more angina, and a poorer quality of life, 48 an effect which persists after adjustment. A study conducted by Leung et al 58 found that women report worse health-related quality of life than men over time post-ACS, both in terms of mental and physical functioning. This study extended the field by showing that gender-related factors such as femininity scores (described above) and housework responsibilities were more likely to be predictors of health-related quality of life than sex. 58 In addition to having poorer functioning, young women are less likely to return to work over a period of 12 months 59 and experience a higher risk of depression and stress in the year after AMI. 43, 60, 61 
Conclusions
Contemporary studies, predominately from VIRGO and GENESIS-PRAXY, have been fundamental in understanding a range of factors that underlie sex and gender differences between women and men with AMI, including differences in disease presentation, recognition and management, and referral and counseling to support recovery from AMI. These factors provide specific opportunities for targeted interventions aimed to improve morbidity and mortality in this population and to reduce sex-/gender-based disparities. Still, more research is needed to understand how social and clinical factors interact with the biology of the disease to affect outcomes ( Figure 2) .
The next generation of research could adopt a more tailored approach to identify optimal prevention, diagnosis, and treatment strategies. Such approaches may include genderand sex-specific counseling and engagement, optimal delivery of secondary prevention guidelines, and use of advanced analytics to distinguish phenotypes of disease presentation and treatment response. Attention should be given to the development and evaluation of tools and care plans that consider the social and economic context in which AMI is occurring in young women. For example, interventions that address factors such as social support 61 and financial stress 39 -both of which can increase treatment burden and reduce opportunities to achieve optimal cardiovascular health-are needed. Future interventions should also consider the unique issues that relate to female sex and gender, [62] [63] [64] which may influence recovery.
Until recently, young women with AMI had been underrecognized in cardiology, frequently grouped together with the larger population of people with AMI who do not share similar characteristics or outcomes. Yet young women with AMI are an extreme phenotype in heart disease that require tailored approaches to clinical care and focused research. Several important studies have informed our understanding of health disparities in this population. Recent conferences such as the National Policy and Science Summit on Women's Cardiovascular Disease, sponsored by WomenHeart: The National Coalition for Women with Heart Disease, 65 for the first time focused on the health of young women with and at risk for heart disease. 65 Important progress has been made; yet there remain important opportunities to advance outcomes in this population. 
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